
 

Clinical and Experimental Immunology

 

© 2005 British Society for Immunology, 

 

Clinical and Experimental Immunology

 

, 

 

140:

 

 41–45

 

41

 

doi:10.1111/j.1365-2249.2005.02746.x

 
et al.

 

Accepted for publication 17 December 2004

Correspondence: Dietmar Fuchs, Division of 

Biological Chemistry, Biocentre, University of 

Innsbruck, Fritz Pregl Strasse 3, A-6020 

Innsbruck, Austria.

E-mail: dietmar. fuchs@uibk. ac. at

 

OR IG INAL  ART I C L E

 

Aspirin down-regulates tryptophan degradation in stimulated human 
peripheral blood mononuclear cells 

 

in vitro

 

K. Schroecksnadel,* C. Winkler,*

 

†

 

 
B. Wirleitner,*

 

†

 

 H. Schennach

 

‡

 

 and 
D. Fuchs*

 

†

 

*Division of Biological Chemistry, Biocentre, 

Innsbruck Medical University, Innsbruck, Austria, 

 

†

 

Ludwig Boltzmann Institute of AIDS-Research, 

Innsbruck, Austria, and 

 

‡

 

Central Institute of Blood 

Transfusion and Immunology, University Clinic, 

Innsbruck, Austria

 

Summary

 

Acetylsalicylic acid (aspirin) is one of the most widely used drugs worldwide,
due mainly to its broad therapeutic spectrum with anti-inflammatory, anti-
pyretic, antithrombotic and analgesic effects. However, the exact mechanisms
by which aspirin influences inflammation, pain and immune system activa-
tion are only partly understood. Within activation of the cellular immune
system, Th1-type cytokine interferon (IFN)-gggg

 

 induces enzyme indoleamine-
2,3-dioxygenase (IDO) which converts tryptophan to kynurenine. In parallel,
IFN-gggg

 

 induces enzyme GTP-cyclohydrolase I, which gives rise to neopterin
production by activated human macrophages. Similarly, tryptophan degra-
dation and neopterin formation increase during several disease states involv-
ing Th1-type immune activation. Using stimulated human peripheral blood
mononuclear cells (PBMC), the effect of aspirin on tryptophan degradation
and neopterin production was investigated. Stimulation of PBMC with mito-
gens concanavalin A, phytohaemagglutinin and pokeweed mitogen induced
significant tryptophan catabolism as was reflected by a decline in tryptophan
levels and a parallel increase in kynurenine concentrations compared with
unstimulated cells. In parallel, neopterin production was enhanced. Treat-
ment of stimulated PBMC with increasing doses of 1–5 mM aspirin signifi-
cantly decreased stimulation-induced tryptophan degradation and neopterin
production as well. All the effects of aspirin were dose-dependent. The parallel
influence of aspirin on both biochemical pathways implies that there was no
direct inhibitory effect of aspirin on IDO; rather, it inhibits production of
IFN-gggg

 

 in mitogen-treated PBMC. The influence of aspirin on biochemical
pathways induced by IFN-gggg

 

 may represent an important part of its broad
pharmacological effect.
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Introduction

 

Acetylsalicylic acid (aspirin) is one of the most widely used
drugs worldwide, due mainly to its broad therapeutic spec-
trum with anti-inflammatory, antipyretic, antithrombotic
and analgesic effects [1]. However, the exact mechanisms by
which aspirin influences inflammation, pain and immune
system activation are only partly understood. It is well
known that by acetylation of the enzymes cyclooxygenase I
and II the formation of prostaglandins is irreversibly
blocked, but there are also other mechanisms of action of
aspirin and salicylates [2]. In low millimolar ranges, aspirin

and its derivatives interfere with intracellular signalling
pathways, e.g. NF-

 

k

 

B [3,4], also leading among other effects
to the modulation of cytokine production [5]. Thus, the
modulation of cytokine balance could contribute to the effi-
cacy of aspirin.

Within cell-mediated immune response, indoleamine
(2,3)-dioxygenase (IDO) is activated in human monocyte-
derived macrophages upon stimulation with interferon
(IFN)-

 

g

 

 [6], and IDO converts tryptophan to kynurenine. To
estimate IDO activity, the ratio of kynurenine to tryptophan
concentrations (kyn/trp) can be used [7]. During immune
response IDO seems to play a central role in the suppression
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of intracellular bacteria and viruses, as ongoing tryptophan
degradation leads to deprivation of this essential amino acid
[8]. Also T cell proliferation is inhibited efficiently by IDO
[9]. In normal murine pregnancy, IDO was identified as a
key immunosuppressive mechanism, and inhibition of IDO
leads to immediate rejection of an allogeneic fetus [10].
Accordingly, tryptophan degradation was found earlier to
parallel the normal course of pregnancy in healthy women
[11] and in the course of several clinical conditions in which
an adaptive immune response is activated [6], including HIV
infection [7] and rheumatoid arthritis [12]. IFN-

 

g

 

 in parallel
to IDO induces enzyme GTP-cyclohydrolase I, which gives
rise to enhanced neopterin formation in human macroph-
ages [13]. Accordingly, increased IDO activity as indicated by
increased kyn/trp usually correlates closely with neopterin
concentrations in various human diseases [6,7,12] and dur-
ing pregnancy [11]. In this study, the effect of aspirin on
tryptophan degradation and neopterin production in stim-
ulated human peripheral blood mononuclear cells (PBMC)
was investigated.

 

Materials and methods

 

Cell culture

 

PBMC were isolated from whole blood obtained from
healthy voluntary blood donors by density centrifugation
(Lymphoprep, Nycomed Pharma AS, Oslo, Norway). Cells
were maintained in RPMI-1640 (PAA-Laboratories, Linz,
Austria) supplemented with 10% heat-inactivated fetal
calf serum (FCS) (Biochrom, Berlin, Germany), 2 mM 

 

l

 

-
glutamine (Serva, Heidelberg, Germany) and 50 

 

m

 

g/ml gen-
tamycin (Bio-Whitaker, Walkersville, MD, USA).

For stimulation cells were seeded at a density of 1 

 

¥

 

 10

 

6

 

/ml
and stimulated with different concentrations of mitogens
concanavalin A (Con A), phytohaemagglutinin (PHA) and
pokeweed mitogen (PWM; all from Sigma, Vienna, Austria)
to induce tryptophan degradation. PBMC were preincu-
bated with aspirin (0·14–0·7 mg/ml) for 2 h, and thereafter
cells were stimulated with mitogens and incubated at 37

 

∞

 

C in
5% CO

 

2

 

 for 72 h. Supernatants were harvested by centrifu-
gation (400 

 

g

 

, 4

 

∞

 

C, 8 min) and frozen at 

 

-

 

20

 

∞

 

C until mea-
surement. Cell cycle and apoptosis were monitored by FACS-
analysis. In addition, another set of three experiments was
performed in which no preincubation of PBMC was carried
out; instead, cells were first stimulated with mitogens and
aspirin was added after 2 h. Each experiment was performed
using blood from three different healthy donors, and exper-
iments were run with two parallels each.

 

Measurements

 

To determine IDO activity, tryptophan and kynurenine con-
centrations were measured in supernatants using high per-
formance liquid chromatography (HPLC) on reversed phase

[14], and kyn/trp was calculated. Experiments were per-
formed three times with duplicates. For comparison of
grouped data, the Mann–Whitney-

 

U

 

-test was applied and

 

P

 

-values 

 

<

 

0·05 were considered to indicate significant
differences. Neopterin concentrations were determined by
enzyme-linked immunosorbent assay (ELISA) (Brahms
Diagnostica, Berlin, Germany) according to the manufac-
turer’s instructions with a detection limit of 2 nM.

 

Statistical analysis

 

To correct for slight interindividual differences between
donors, results are presented as fold of the unstimulated con-
trol of each experiment. For comparisons of grouped data
the Mann–Whitney-

 

U

 

-test was applied. 

 

P

 

-values 

 

<

 

0·05 were
considered to indicate significant differences.

 

Results

 

In PBMC stimulated with mitogens Con A and PHA,
enhanced degradation of tryptophan was observed. In com-
parison with untreated cells, supernatants of stimulated
PBMC contained significantly lower tryptophan concentra-
tions (

 

P

 

 

 

<

 

 0·01 for all stimuli, Fig. 1). When stimulated with
10 

 

m

 

g/ml PHA, after 72 h tryptophan concentrations were
even below the limit of detection of the method used
(

 

<

 

0·2 

 

m

 

M). In contrast, kynurenine concentrations increased
significantly in stimulated cells (

 

P

 

 

 

<

 

 0·01, details not shown).
Accordingly, kyn/trp was also higher in stimulated than in
unstimulated PBMC (

 

P

 

 

 

<

 

 0·01 for all stimuli, Fig. 2). Neop-
terin concentrations also increased in cells stimulated with
mitogens (

 

P

 

 

 

<

 

 0·01 for all stimuli: Fig. 3).
Pretreatment of cells with 1–5 mM aspirin only slightly

increased tryptophan metabolism in resting cells: tryp-
tophan concentrations were slightly higher compared to
untreated cells (Fig. 1); kynurenine concentrations did not
show any difference compared to untreated cells. Neopterin
concentrations, on the other hand, were lower in cells treated
with 5 mM aspirin (

 

P

 

 

 

<

 

 0·05; Fig. 3). In contrast, in PBMC
stimulated with mitogens both effects of the enhanced tryp-
tophan degradation and neopterin production were influ-
enced by aspirin in a dose-dependent manner: whereas
1 mM aspirin had only a slight effect on tryptophan concen-
trations and did not change kynurenine concentrations
(Figs 1 and 2), pretreatment with 3 mM aspirin tended to
decrease tryptophan degradation and neopterin formation,
but changes observed in kynurenine and tryptophan con-
centrations still did not reach the level of significance. Pre-
incubation of cells with 5 mM, however, resulted in a
significant increase of tryptophan concentrations compared
to stimulated cells (

 

P

 

 

 

<

 

 0·01, Fig. 1) and kyn/trp and neop-
terin concentrations decreased significantly (

 

P

 

 

 

<

 

 0·01, Figs 2
and 3). Nearly the same effects were seen in PBMC stimu-
lated with PHA, Con A or PWM: preincubation of cells with
aspirin decreased stimulation-induced tryptophan degrada-
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tion and neopterin formation significantly independently
from the mitogen used. If doses higher than 3 mM were
used, elevated kyn/trp in supernatants of mitogen-
stimulated PBMC decreased, and the decreased tryptophan
concentrations increased when cells were treated with 5 mM
aspirin in addition to mitogens (Figs 1 and 2).

When PBMC were not preincubated with aspirin, but
aspirin was added 2 h after stimulation of cells, results
observed were similar to those presented above: again

tryptophan degradation and neopterin production was
found in stimulated cells, and both biochemical effects
could be inhibited by 5 mM aspirin (data not shown). The
inhibitory effect of aspirin was less expressed than in the
preincubation experiments. Tryptophan concentrations
tended to be higher and kyn/trp to be lower (both 

 

P

 

 

 

<

 

 0·1)
in cells treated with aspirin, and also neopterin formation
was inhibited significantly in all experiments with 5 mM
aspirin (

 

P

 

 

 

<

 

 0·05).

 

Fig. 1.

 

Tryptophan concentrations (

 

m

 

M) in 

unstimulated peripheral blood mononuclear cells 

(US) and in cells stimulated with 10 

 

m

 

g/ml phy-

tohaemagglutinin (PHA), 10 

 

m

 

g/ml concanavalin 

A (Con A) and 0·5 

 

m

 

g/ml pokeweed mitogen 

(PWM) treated with increasing doses of aspirin. 

Tryptophan concentrations are shown as percent-

age of baseline in unstimulated cells; columns 

show 

 

±

 

 s.e.m. of three experiments run in dupli-

cate, total number of data included in each 

column 

 

=

 

 6; *

 

P

 

 

 

<

 

 0·01 compared to cells stimu-

lated by the corresponding mitogen but without 

aspirin treatment; #

 

P

 

 

 

<

 

 0·01 compared to 

untreated cells).
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Fig. 2.

 

Ratio of kynurenine to tryptophan con-

centrations (

 

m

 

mol/mmol) to estimate activity of 

indoleamine (2,3)-dioxygenase in unstimulated 

peripheral blood mononuclear cells (US) and in 

cells stimulated with 10 

 

m

 

g/ml phytohaemagglu-

tinin (PHA), 10 

 

m

 

g/ml concanavalin A (Con A) 

and 0·5 

 

m

 

g/ml pokeweed mitogen (PWM) treated 

with increasing doses of aspirin. Kyn/trp is shown 

as 

 

x

 

-fold change from baseline in unstimulated 

cells; columns show mean values 

 

±

 

 s.e.m. of three 

experiments run in duplicate, total number of 

data included in each column 

 

=

 

 6; *

 

P

 

 

 

<

 

 0·01 com-

pared to cells stimulated by the corresponding 

mitogen but without aspirin treatment; #

 

P

 

 

 

<

 

 0·01 

compared to untreated cells).
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Fig. 3.

 

Neopterin concentrations (nM) in unstim-

ulated peripheral blood mononuclear cells (US) 

and in cells stimulated with 10 

 

m

 

g/ml phyto-

haemagglutinin (PHA), 10 

 

m

 

g/ml concanavalin A 

(Con A) and 0·5 

 

m

 

g/ml pokeweed mitogen (PWM) 

treated with increasing doses of aspirin. Columns 

show 

 

x

 

-fold changes from baseline in unstimulated 

cells; mean values 

 

+

 

 s.e.m. of three experiments run 

in duplicate, total number of data included in each 

column 

 

=

 

 6; *

 

P

 

 

 

<

 

 0·01 compared to cells stimulated 

with the corresponding mitogen but without aspi-

rin treatment, #

 

P

 

 

 

<

 

 0·01 compared to unstimulated 

cells, **

 

P

 

 

 

<

 

 0·05 compared to the unstimulated 

control without aspirin treatment).
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When PBMC were treated with salicylic acid, effects on
tryptophan degradation and neopterin formation similar to
aspirin were observed. In mitogen-stimulated cells, 5 mM
salicylic decreased tryptophan degradation significantly
(

 

P

 

 

 

<

 

 0·01 for decline of kyn/trp, Fig. 4; 

 

P

 

 

 

<

 

 0·01 for increase
of tryptophan); neopterin formation was lower in all exper-
iments (

 

P

 

 

 

<

 

 0·05).

 

Discussion

 

Our study demonstrates suppression of stimulation-induced
tryptophan degradation and neopterin production in
human PBMC by aspirin. Whereas aspirin did not influence
tryptophan metabolism in resting immunocompetent cells,
tryptophan degradation and neopterin production was sup-
pressed in stimulated PBMC that were treated with aspirin in
comparison with untreated stimulated cells. Cells were stim-
ulated with high doses of mitogens, which are known to
induce high-level production of IFN-

 

g

 

, and all mitogens,
PHA, Con A and PWM, induced tryptophan degradation
and neopterin production to a similar extent. The concur-
rent increase of kyn/trp and neopterin production points to
the view that IDO, activated by IFN-

 

g

 

, is involved in changes
of tryptophan metabolism in stimulated PBMC.

Whereas lower concentrations of aspirin only slightly
influenced tryptophan degradation and neopterin forma-
tion, 5 mM aspirin was able to inhibit both processes in
parallel. Consequently, data point to a modulating effect
of aspirin on the expression of the cytokine IFN-

 

g

 

,
which induces tryptophan degradation via activation of
IDO as well as neopterin production by triggering GTP-
cyclohydrolase I [6]. In line with these findings, aspirin has
been demonstrated previously to decrease the formation of
interleukin-12, the cytokine, which induces the formation of
IFN-

 

g

 

 [5].

In our investigation, salicylic acid at similar concentra-
tions to aspirin suppressed tryptophan degradation and
neopterin production in stimulated PBMC. Our data on
PBMC concur with earlier studies in other cells, showing
that treatment with non-steroidal anti-inflammatory drugs
influences tryptophan metabolism [15,16]. Non-steroidal
anti-inflammatory drugs, including aspirin, represent an
important feature of basic treatment in various groups of
patients suffering from chronic and inflammatory condi-
tions [17], which go along with elevated concentrations of
proinflammatory cytokines [18,19]. A modulating effect of
aspirin on the production of cytokine IFN-

 

g

 

 has also been
demonstrated recently in patients with giant cell arteritis
[20]. Inhibition of cytokine cascades may be part of the ben-
eficial effect of aspirin in such diseases in addition to the
well-established effect of aspirin to block enzymes cyclo-
oxygenases I and II by acetylation, thereby diminishing the
formation of prostaglandins.

The well-known influence of aspirin on cyclo-oxygenases
is unlikely to explain our findings. Rather, other mechanisms
of aspirin and salicylates will be important, such as inter-
ference with intracellular signalling pathways, e.g. NF-

 

k

 

B
[3,4,21], modulating cytokine production [5]. An earlier
suppressive effect on tryptophan degradation and neopterin
production in stimulated PBMC was found for plants and
beverages containing large amounts of antioxidants [22,23].
Thus, antioxidative and radical-scavenging activity of sali-
cylic acid and aspirin [24,25] could be important for their
down-modulatory effect on IFN-

 

g

 

 production in stimulated
PBMC.

Aspirin is also known to occasionally elicit pseudo-allergic
reactions [26]. This phenomenon could also relate to the
activity of aspirin to down-regulate IFN-

 

g

 

. IFN-

 

g

 

 is a major
suppressor of Th2-type cytokines which may, however, trig-
ger allergic reactions once their suppression is abrogated

 

Fig. 4.

 

Ratio of kynurenine to tryptophan concentrations (

 

m

 

mol/mmol) to estimate activity of indoleamine (2,3)-dioxygenase in unstimulated 

peripheral blood mononuclear cells (US) and in cells stimulated with 10 

 

m

 

g/ml phytohaemagglutinin (PHA), 10 

 

m

 

g/ml concanavalin A (Con A) and 

0·5 

 

m

 

g/ml pokeweed mitogen (PWM) treated with increasing dose of salicylic acid. Kyn/trp is shown as x-fold change from baseline in unstimulated 

cells; columns show mean values + s.e.m. of three experiments run in duplicate, total number of data included in each column = 6; *P < 0·01 compared 

to cells stimulated by the corresponding mitogen but without salicylic acid treatment; #P < 0·01 compared to the unstimulated control.
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[27]. However, it cannot be excluded that aspirin may also
modulate release of Th2-type cytokines; this remains to be
elucidated in further studies.

During pregnancy, activation of IDO trophoblasts was
found to be critical for tolerance induction [10,28]. Our
data, together with data from the literature, suggest that aspi-
rin is able to counteract IFN-g production and consequently
suppression of IDO activity in several cells in which IDO is
inducible by IFN-g. Because activation of IDO was found to
be crucial for successful pregnancy in mice, the inhibitory
effect of aspirin on IDO activity might be important in
human reproductive immunology as well; for example, it
could be involved in the increased risk of miscarriage, which
has been observed in a population-based cohort study [29].
Further studies are necessary to confirm this relationship
and to what extent our in vitro findings can be extrapolated
to the in vivo situation.
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